The research aims to identify the respiratory pathology during the first two years of life in premature infants with gestational ages between 30-34 weeks and the risk factors for these conditions (familial, prenatal, and neonatal). There were investigated 31 premature infants with gestational ages between 30-34 weeks and the incidence of bronchopulmonary dysplasia, infections with the respiratory syncytial virus, or other viral infections requiring hospitalization, recurrent wheezing, and nasal colonization with pathogenic bacteria were noted. Also, regression models for each type of respiratory pathology as a function of the antenatal (smoking in the family, atopy, mother's age) and neonatal (gestational age, respiratory distress syndrome, duration of the treatment with antibiotics, use of the reserve antibiotics) factors were elaborated. Respiratory distress syndrome was present in 20 premature infants, and 19 infants received respiratory support. Two former premature infants presented with bronchopulmonary dysplasia, 3 with severe respiratory syncytial virus infections, 7 with recurrent wheezing, and 16 with viral infections requiring hospitalization. Respiratory distress syndrome and severe viral infections were more frequently found in families of smokers. Low gestational age and familial atopy were identified as good predictors of severe respiratory syncytial virus infections (p< 0.03) Premature infants with gestational ages between 30-34 weeks present with the risk of appearance of respiratory diseases during the first two years of life, especially disorders of the airways. Familial atopy and low gestational age represent independent risk factors for severe respiratory syncytial virus infections.
Introduction
The long-time development of the premature infant is regarded most frequently from the perspective of the neurologic prognosis [1] . However, there are more and more studies that show that the former premature infants present significant risks regarding respiratory outcomes [2, 3, 4, 6] .
From the point of view of the respiratory pathology of the former premature infants, several groups of patients could be individualized. The first group is one of the premature infants that present with bronchopulmonary dysplasia (BPD) that are discharged from the maternity hospital while still receiving treatment with supplementary oxygen [3] . This is a group in which the clinical picture is clear, and the follow-up protocol is standardized [3] . The second group is represented by the patients with different types of cerebral palsy [7, 8] , where the respiratory pathology is especially represented by aspiration pneumonia, apneic spells, and other consequences of neurologic disorders [8] .
The third group is represented by the premature infants with or without respiratory disorders in the neonatal period, that present in the first years of life with an increased incidence of respiratory infections [2, 4] , or bronchial hyperreactivity [4] . According to a meta-analysis, it is known that the hospital admission rate of the premature infants, especially of those with a gestational age less than 32 weeks and birth weight less than 1500 grams is two times higher than the hospital admission rate of the term neonates (60% versus 20%) [2] . According to the same meta-analysis, the main reason for the hospital admission of the former premature infants is represented by respiratory diseases, namely recurrent wheezing and infection with the respiratory syncytial virus (RSV) [2] .
The explanation of the occurrence of particular respiratory conditions in the former premature infants could be that the delivery and the contact with the extrauterine environment take place during a time when the lung is still during its developmental stages that generally occur in utero. When the delivery occurs between 28 and 37 weeks, the lung is in the saccular phase of development [4] , and the alveoli are not yet fully developed. Thus, even if the structure of the lung allows the occurrence of the blood gas exchanges, it is not yet completely mature [4] , and the interference with the normal developmental process of the lung could make this organ become less efficient in the process of gas exchange and increases the risk for disorders [9] . The functional residual capacity (FRC) of the lung of the former premature neonates is smaller than that of the infants born at term [4] , and this difference is maintained throughout the entire childhood until the adult age [10] . Another problem is represented by the deficiency of the airway tethering, which determines the reduction of the radius of the airways during the expiratory phase [4] . It has been demonstrated that the pulmonary expiratory flows are reduced in premature infants during the first year of life and that the smaller the gestational age is, the more pronounced is the abnormality [11] . Also, the expiratory flow is reduced in the case of the former premature infants during the first years of life, and this tendency is persistent until adulthood [10] .
As a consequence of these findings, there is an increasing trend in research to identify risk factors for the apparition of this type of pathology in the different categories of premature infants; an example could be The Prematurity Respiratory Outcomes Program (PROP) [3] , a research program that by collecting data from the population of premature neonates is aiming to identify the categories at risk for the occurrence of respiratory morbidity [3] .
The hypothesis of our research was that there are risk factors among the family history data, gestational age or the pathology in the neonatal period that could identify premature infants at risk for the apparition of the respiratory diseases in this population (respiratory infections that need hospitalization, wheezing, chronic lung disorder (CLD) (also known as bronchopulmonary dysplasia -BPD) and allow the application of prophylactic strategies in this category of infants.
The aim of our study was to determine by statistical correlations the risk factors from the above-mentioned categories that could identify premature infants with gestational age between 30-34 weeks at risk for the occurrence of respiratory pathology during the first two years of life in order to apply preventive and early intervention strategies, similar to the ones used in the premature neonates at risk for neurologic sequelae.
Material and Methods

Study Sample
The sample studied was represented by 31 premature neonates with a gestational age between 30-34 weeks , monitored in the program for neonates at risk at Life Memorial Hospital between 2016-2018. The interval for monitoring was at least one year. The study was retrospective and had the approval of the Ethics Committee of Life Memorial Hospital.
Variables studied
The source of the data was represented by the medical files of the patients and the files of the follow-up program.
The variables studied were represented by antenatal risk factors (familial, maternal or fetal), anthropometric data (gestational age, birth weight), conditions, and treatments in the neonatal period. The antenatal and familial risk factors were represented by the presence of atopy or asthma in the parents, smoking (maternal or in the family), age of the mother. The factors from the neonatal period that were studied were: the presence of respiratory distress syndrome, need for mechanical ventilation, treatment with antibiotics, treatment with reserve antibiotics, presence of CLD/BPD.
There were also noted the following prognostic variables, describing the respiratory pathology of the former premature infants: the presence of infections with RSV and other viral infections requiring hospitalization, the occurrence of wheezing requiring hospitalization and nasal colonization with certain bacteria (Staphylococcus aureus, Streptococcus).
Statistical methods
The data were analyzed using an SPSS 18.0 Software, with a statistical significance of 95% (p< 0.05) Different tests were applied for the calculation of the significant difference between two or more groups. The tests were chosen according to the distribution of the values of the variables, being considered statistically significant at a limit of 95%. In the case of the quantitative variables, the following were applied:
• The t-Student test -a parametric test used in the case of 2 groups with normal distributions; • The F-test (ANOVA) used in the case of the comparison of 2 or more mean values from groups with normal distributions. After using the ANOVA test, a Bonferroni correction was applied (posthoc Bonferroni). This correction reduces the risk of error when testing more than one hypothesis; • The Chi-Square test was used to compare two or more distributions of two or more frequencies from the same population; it is applied when the expected events are mutually exclusive. When a frequency was small, the Yates correction was applied in order to obtain a more significant estimation of the difference. The Kruskal-Wallis correlation compared ordinal variables from 3 or more groups. The "Pearson" Correlation Coefficient was used when the correlation of two variables from the same group was needed, the sign of the coefficient stating the direct/indirect correlation.
The multiple linear regression aimed to identify a statistically significant relationship between a dependent variable and some independent variables (explaining variables, predictors). By using the software, regression models were built for the appearance of the different types of the above-mentioned respiratory conditions occurring in the former premature infants in the first years of life.
Results
Characteristics of the study sample
There were evaluated 31 premature infants. The distribution of the birth-weights and gestational ages are shown in Table 1 . The mean birthweight was 1950g, the mean gestational age was 33weeks. There was a homogenous ard deviation of + 7.73 years. There was a homogenous distribution, and this allowed the application of tests for statistical significance. Smoking by family members was identified in 11 cases (35.5%); in 4 cases (12.9%), the mother smoked during the pregnancy. Atopy was present in 4 cases in first degree relatives of the former premature infants (mother and father) (12.9%). In 4 of the 31 former premature infants, the family lived in the suburbs, but in the majority of cases (27/31), the family was living in the city.
Regarding the conditions in the neonatal period, the respiratory distress syndrome (RDS) was diagnosed in 20 of the premature infants (64.5%) and the transient tachypnea of the newborn in 7 of the patients (22.6%). Nineteen of the premature infants received respiratory support (9 were ventilated in SIMV (synchronized intermittent mandatory ventilation) mode, and 10 received CPAP (continuous positive airway pressure), the diagnosis of RDS being most frequently associated with the risk of respiratory support (18/20, p<0.001, RR 0.11, CI: 95% 0.03-0.42). The duration of the mechanical ventilation was 2.35 days (1-4 days) with a median of 2 days and a standard deviation of +0.99. The distribution of the values was homogenous, allowing the application of tests for statistical significance. The duration of the oxygen therapy was 3.65 + 2.14 days (0-8 days), the series of values being also homogenous.
The antibiotics were administered in 28/31 premature infants (90.3%). The duration of the treatment varied from 0 to 15 (mean 5.61 + 2.91 days, close to the median value (5 days). Skewness and Kurtosis tests showed that there was a homogenous distribution of the values. There were administered two regimes of antibiotics -the standard regimen (ampicillin + gentamycin in17 patients) and the second line (reserve) of antibiotics (meropenem + gentamycin, meropenem -monotherapy or meropenem + vancomycin in 11 patients). The research of the antenatal risk factors showed the following results: the mean age of the mothers at delivery was 30.81years, with a median of 34 years and a stand- The data regarding the base excess from the umbilical cord blood sample can be seen in Table 2 . The series of values had a homogenous distribution ( Figure 2 ). The respiratory conditions after the neonatal period are represented by BPD (2 cases), recurrent wheezing -7 cases (22.6%), RSV infections requiring hospital admission -3 patients (9.67%) and other viral infections requiring hospitalization (16 cases). Nasal colonization with Staphylococcus aureus was identified in 6 of the former premature infants.
Research of the correlation between antenatal and neonatal risk factors and the respiratory conditions in the post-neonatal period
Respiratory distress syndrome (RDS) (63.3%) and viral infections (72.7%) were the conditions more frequently found in the premature infants exposed to smoking in the family, but the risk estimated by prematurity was 2.5 times greater in the children with viral infections (RR=2.50; CI: 95%, 0.81-7.70) ( Table 3) .
Chronic lung disease was identified in 2 premature infants. The multivariate analysis did not identify a significant influence of the prenatal risk factors in the occurrence of CLD ( Table 4 ).
The base excess in the umbilical cord blood sample was significantly lower in premature infants with BPD/CLD (-7.30 vs -4.25; p=0.044); the difference was not observed in the case of the premature infants with wheezing (-3. Wheezing was identified in 7 former premature infants (22.6%). In the case of premature infants with wheezing, no association was observed between the occurrence of wheezing and the birth weight (1881 vs. 1970g; p=0.589) or the gestational age (33.0 vs. 33.04 weeks; p=0.921) ( Figure 4) .
The prenatal risk factors were not good predictors for the occurrence of wheezing (p< 0.05) ( Table 5 ).
The multivariate analysis showed that the gestational age and familial atopy are good predictors for the risk of RSV infections (Table 6 ). No correlations were demonstrated between the risk of RSV infection requiring hospitalization and smoking in the family or maternal smoking during the pregnancy, intrauterine growth restriction treatment Table 3 : Relation between respiratory infections and the exposure to smoking. with antibiotics or treatment with reserve antibiotics, duration of the treatment with antibiotics. The multivariate analysis did not find a model of predictors for respiratory infections, other infections than RSV or bacterial colonization, or recurrent wheezing (Table 7 a,b,c,d).
Discussion
The present study is investigating the respiratory prognosis of premature infants between 31-34 weeks. From this point of view, it is probably the first such study in Romanian patients, which is one of the strong points of the research. The weak points of the study are represented by the small number of patients and the absence of a control sample, represented by neonates born at term. A control sample could indeed show the differences regarding the respiratory pathology between preterm and term infants. However, these differences are already known from several studies, and meta-analyses [1] [2] [3] [4] [5] and new research with the same result could only multiply the number of studies from this field, obtaining similar results.
The hypothesis of our group was that there is an increased incidence of respiratory diseases in former premature infants and small children compared with the children born at term, and we tried to identify the risk factors for these conditions. Even if the sample is a small one, we aimed to have a homogenous sample concerning the different diagnoses and therapies that could offer the ground to answer the questions of the families regarding the risk factors and the prognosis based on local data, as indicated by the actual guidelines [12] .
The choice of studying the 31-34 weeks gestational age range was not random. It is already known that in the case of premature infants of 30 weeks or less, CLD/BPD represents the main type of respiratory disease [3] and the respiratory infections are especially related to RSV; national prevention plans being developed [13] in the case of premature infants delivered at 31-34 weeks gestational age, the respiratory outcome is less clear, even if these premature infants are a bigger population than the neonates born at less than 30 weeks gestational age [3, 4] . This is why we considered useful to investigate this category of former preemies in order to obtain risk factors and prognosis data for it as well.
Concerning the characteristics of the studied sample, it could be affirmed that they are specific to this population of premature infants: the occurrence of the respiratory distress syndrome in more than half of the patients (20/31), the need for respiratory support (19/31) and a slight predominance of CPAP ventilation over SIMV (10/9) [14] . The duration of the ventilation is also a short one, specific to the mild or medium RDS -1-4 days, with a median of 2 days (48 hours) [15] . Also, regarding the treatment with antibiotics, the duration was short (mean 5.61, median 5 days); the antibiotic regimen was, most of the time, a standard one (ampicillin + gentamycin).
The incidence of chronic lung disease (CLD/ BPD) in the sample was 2/31 patients. Even if the incidence is rather small, it is interesting the occurrence of this type of disease in premature infants with a gestational age greater than 30 weeks. A reason for this could be the current definition of CLD that includes oxygen dependency at more than 36 weeks postmenstrual age [16] . From the point of view of the risk factors, the only identified risk was represented by an increased base excess in the umbilical artery sample at delivery. We could speculate that the pathogenic cascade leading to CLD begins in the moment of delivery, and the prevention of the birth asphyxia and strategies of gentle ventilation in this group of neonates could prevent the disease.
Regarding the antenatal risk factors, the study showed an association between smoking by family members and the risk of appearance of the respiratory distress syndrome (RDS) and viral infections. The increased risk of RDS related to smoking is somehow surprising, considering the data from the literature, which suggests that a smoking mother or family member represents a protective factor against the occurrence of RDS [17] . New data from the medical literature modulate this statement. First of all, we must consider that the population studied is represented by premature infants from well-cared pregnancies, in which steroid prophylaxis was administered. It is proven that smoking diminishes the effect of the corticosteroids on the maturation of the fetal lung, the incidence of RDS being greater in the neonates of smoking mothers receiving corticosteroids than in the neonates of non-smoking mothers receiving the same treatment [18] . Other effects of maternal smoking on the lung and the respiratory system of the fetus and neonate could be clustered as the fetal tobacco syndrome [19] , which is an intoxication of the fetus with different substances from the cigarettes (nicotine and others) that affect the alveoli and airways of the fetus [19] . Three effects were identified: the decrease in the number of alveoli with the decrease in the number of secondary bronchi and ramifications of the bronchial tree, the decrease in the respiratory volume, and the premature aging" of the fetal lung [19] . Regarding the post-neonatal period, it is proven that smoking in the family increases the risk of respiratory tract infections in children during the first years of life [20, 21] , also identified in our research. A smoking mother or family member was not identified as a risk factor for recurrent wheezing in the former premature infant, as opposed to the data from the medical literature [20, 22, 23] .
One explanation could be that wheezing is a multifactorial disease; also, certain studies indicate that this factor acts mostly associated with other factors, especially in the case of patients with a low socioeconomic class [20, 22, 23] , but this was not the case in the current study.
In the multivariate regression model of the risk of RSV infections requiring hospitalization, low gestational age, and atopy in the family were identified as independent risk factors. There are studies indicating that the risk of a severe RSV infection is determined by genetic factors that diminish the immune answer to RSV, factors related to maternal conditions (atopy, asthmatic mothers or family members), factors related to the ante-or postnatal environment (smoking mother, family history of smoking, pollution), conditions in the neonatal period (prematurity, artificial feeding, chronic lung disorder, cardiac malformations, mechanical ventilation) and others [24] . Low gestational age was found to be an important risk factor for the severity of RDS [25, 26, 27] . Even if the incidence of severe RSV infections is smaller than that seen in the medical literature in the same category of patients (10% versus 25%), the explanation, as for several of the above-mentioned risk factors, was that the patients come from families with a medium-high socioeconomic status, that implies conditions of life with a minimal risk of infections and an increased protection of the children by hygiene measures. Atopy is also a risk factor mentioned in other studies [28, 29] . The explanation of the role of atopy as a risk factor for the occurrence of severe RSV infections is most probably related to the genetic factors involved, and an immune deficiency that could determine both types of pathology [24] .
Almost one-quarter of premature infants in the studied sample presented with wheezing episodes requiring hospital admission during the first two years of life. The number is bigger when compared to the one found in the infants born at term. Neither the gestational age nor other ante-or postnatal factors were identified as being statistically significant associated with the occurrence of wheezing in the regression model. This fact could be interpreted as proof of the fact that the risk of occurrence of recurrent wheezing is constant throughout this sub-population of premature infants. In an editorial from 2013, it is written that this category of premature neonates should be regarded as seriously as possible concerning the respiratory diseases in the post-neonatal period, especially those affecting the airways (wheezing, asthma) [30] . In addition, there are studies that demonstrate that the expiratory volume is already decreased, and the respiratory resistance is already increased at 40 weeks corrected age in this category of premature infants [4, 31] .
Conclusions
Premature delivery occurs in a moment when the entire body of the fetus is still developing. Previous research focused mainly on the consequences of premature delivery and pathology of premature infants on the development of the central nervous system. Our study shows, for the first time in Romania, that in the case of preterm neonates, there are long-term respiratory consequences: chronic lung disease, an increased incidence of severe RSV infections, recurrent wheezing, and viral infections. The research is even more important as it concerns a group of premature infants considered to be at low risk -those with a gestational age of 30-34 weeks.
We believe that based on the results of the many studies in this field, including our research, a component regarding the early diagnosis and prevention of the respiratory pathology should be included in the follow up programs for premature infants. In this way, risk factors and respiratory disorders in former premature infants could be identified and treated earlier; also, complex strategies for prevention could be elaborated, starting from the antenatal and perinatal period.
